The problem of increasing the flame resistance of polymer composite materials, including rubber compounds, is of practical importance [1] [2] [3] [4] . To solve it, fireproofing agents are used [5] . At present, antimony trioxide combined with chloroparaffins is most often used as a fireproofing agent [5] [6] [7] . However, antimony trioxide possesses high toxicity (it belongs to risk class 2), and therefore the task of replacing it with less toxic compounds is urgent. Earlier we investigated the effect of fireproofing agents containing antimony trioxide and chloroparaffin KhP-1100, with trichloroethyl phosphate and aluminium hydroxide [8] , trichloroalkyl phosphates and magnesium and calcium oxides [9] , and aluminium hydroxide and zinc borate [10] , on the flame resistance of rubber compounds based on nitrile butadiene rubbers (NBRs). Petrova et al. [11] established that the combination of aluminium hydroxide with barium borate and chloroparaffin KhP-1100 ensures the flame resistance of a rubber compound based on NBR without using antimony trioxide. Increase in the flame resistance of rubber compounds based on generalpurpose rubbers is also achieved by introducing antinomy trioxide with chloroparaffins. Therefore, it is of interest to investigate the possibility of the partial or complete replacement of antimony trioxide in these rubbers with less toxic fireproofing agents. Data on increase in the heat resistance of rubber compounds by introducing organoclays based on layered silicates (montmorillonites) have been given elsewhere [12] [13] [14] . Kodolov [4, 5] showed that increase in the heat resistance of polymeric materials leads to an increase in their flame resistance. In this connection, in this work an investigation was made of the possibility of developing a flame-retardant rubber compound based on general-purpose rubbers by the partial replacement of antimony trioxide with organoclays, a combination of aluminium, magnesium, and calcium hydroxides, and also a combination of aluminium hydroxide and barium borate.
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Investigations of the properties of rubber mixes were conducted by the following methods: viscosity and proneness to scorching were determined on an MDR 3000 Basic rheometer (MonTech) in accordance with ASTM D2084-79. Investigations of the properties of the rubber compound were carried out by standard procedures: the physicomechanical properties were determined according to GOST 270-75; heat ageing resistance was determined according to GOST 9.024-74; tear strength was determined according to GOST 262-79; hardness was determined according to GOST 263-75; rebound resilience was determined according to GOST 27110-86. Flame resistance was determined from the combustion time (extinguishment time) of standard rubber specimens (rings of 35 mm diameter and 5 mm thickness) after their holding in a burner flame for 20 s by a special procedure (TU 2512-046-00152081-2003, Appendix 5), and also from the oxygen index (OI) -the minimum percentage content of oxygen in an oxygennitrogen mixture with which candle-shaped burning of polymeric materials is possible under conditions of special tests (GOST 21793-76).
We investigated the effect of the partial replacement of antimony trioxide with different compounds potentially exhibiting fireproofing properties (organoclays -Cloisite 10A, Cloisite 15A, and Cloisite 30B montmorillonites, combinations of aluminium hydroxide + magnesium hydroxide + calcium hydroxide and aluminium hydroxide + barium borate) on the rheometric properties of a rubber mix and the physicomechanical properties and flame resistance of a rubber compound based on polyisoprene rubber SKI-3 + polybutadiene rubber SKD with a sulphur vulcanising system, used for the manufacture of moulded mechanical rubber goods. The rubber mix contained the following components: sulphur, N-cyclohexyl-2-benzthiazyl sulphenamide, monoethanolamine, phenyl-2-naphthylamine, N-phenyl-N′-isopropyl-p-phenylenediamine, technical stearic acid, paraffin, zinc oxide, carbon black P245, and other ingredients. The rubber mix was prepared on an LB 320 150/150 laboratory mill, and its vulcanisation was conducted at 143°C for 30 min in a VP 100-400-2E twostage electrically heated hydraulic vulcanisation press. Table 1 gives rubber mix variants containing different fireproofing agents (in parts per 100 parts rubber), their rheological properties, and also the physicomechanical properties and flame resistance properties of the obtained vulcanisates. By comparison with the first (base) variant, in all the investigated rubber mix variants, antimony trioxide was partially replaced with different fireproofing agents. From the data in Table 1 it can be seen that for all variants, by comparison with the base variant, there is a reduction in the minimum (M L ) and maximum (M H ) torques, and an increase in the scorch start time (t s ), the optimum vulcanisation time (t 90 ), and the vulcanisation rate v. Here, the vulcanisation rate reaches its greatest values for variants 2, 3, and 5 containing Cloisite 10A, Cloisite 15A, and a combination of aluminium, magnesium, and calcium hydroxides respectively. The partial replacement of antimony trioxide with the fireproofing agents used promotes an increase in elongation at break, tear strength, rebound resilience, heat resistance, and flame resistance of the rubber compound without changing its hardness. Here, the tensile strength and the tear strength reach maximum values for a vulcanisate produced from a rubber mix containing Cloisite 15A, which also possesses the minimum combustion time and a high OI.
The effectiveness of using fireproofing agents in the investigated rubber mixes was also studied by the method of thermogravimetry (TGA) on a PerkinElmer STA6000 instrument in the temperature range 28-396°C. The results of investigations of the given variants are given in Figure 1 in the form of thermograms. As can be seen from Figure 1 , change in the weight of rubber mix specimens did not occur in the temperature range 28-210°C, which includes the temperature range (150-180°C) in which the rubber mixes were vulcanised. Up to a temperature of 210°C, all six temperature dependences of weight loss m/m 0 (T) practically coincide. With an increase in temperature above 210°C, on account of the breakdown of the fireproofing agents, there is a reduction in the weight of specimens of the vulcanisates formed. A 10% loss of initial weight for the vulcanisate produced from the base rubber mix variant occurs on reaching a temperature of 230°C, for variants 5 and 6 at temperatures of about 235°C, for variant 2 at a temperature of 240°C, for variant 4 at a temperature of 245°C, and for variant 3 at a temperature of 260°C. Consequently, the greatest resistance to thermo-oxidative degradation and flame resistance is possessed by the vulcanisate produced from rubber mix variant 3 containing Cloisite 15A organoclay.
Thus, the partial replacement of antimony trioxide with Cloisite 15A organoclay in a rubber mix based on general-purpose rubbers with a sulphur vulcanising system leads to an improvement in its rheometric properties and to an increase in the physicomechanical properties, heat resistance, and non-flammability of the vulcanisate. Increase in heat resistance and flame resistance of the rubber compound is achieved through the formation in the rubber compound of a nanocomposite [14] by the penetration (intercalation) of rubber macromolecules into the interlayer space of the layered silicate comprising the base of organoclay Cloisite 15A. This leads to a reduction in diffusion of the breakdown products of the rubber compound (carbon dioxide, water vapour, etc.), which prevent the penetration of air oxygen to the burning rubber and thereby slow down the process of its combustion. The formation of a nanocomposite in the investigated rubber compound is confirmed by less swelling in toluene of the specimen of the rubber compound containing Cloisite 15A by comparison with rubber specimens containing other fireproofing agents ( Table 1) .
